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Fig. 1. Intercellular space of G biloba leaves treated with
simulated acid rain of different pH level for 12 weeks.
Vertical bars represent £ SD.
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Figs. 2-5. Photographs of G. biloba treated with simulated
acid rain of pH 5.6 (Fig.2) and pH 24 (Figs.3-5) . Fig 2.
Leaves treated with pH 5.6 showing normal appearance.
Fig.3 and 4. Leaves treated with simulated acid rain of
pH 2.4 showing necrotic spots and chlorosis (arrow). Fig,
5. Injured leaves showing early senescence by simulated
acid rain of pH 24.

Table 1. Macroscopic injury of foliage leaves of G biloba
and P. thunbergii treated with simulated acid rain of diffe-
rent pH level
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Table 2. Symptoms observed on foliage leaf of G. biloba
scedling treated with simulated acid rain of different pH

level

H % of
PE plants injured

Total number of leaf injured

Diameter of Necrotic lesions

>lmm 1-2mm <3mm Total
24 83 20 9 9 38
32 58 12 5 — 17
4.0 0 — — - —
5.6 0 — — - —

. . % of
Species pH Lesion type plants injured
Ginkgo 24 nccrotic spot 93

biloba 3.2 necrotic spot 16
40 no lesion 0

56 no lesion ]

Pinus 24 tpbum and chlorosis 98
thunbergii 32 tipburn and chlorosis 34
40 tpbum 6

56 mno lesion 0
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Figs. 6-9. Photographs of P thunbergii treated with simu-
lated acid rain of pH 24 (Figs.6 and 7) and pH 56
(Fig. 9). Fig. 6. Needles showing tip burn and chlorosis
(arrow). Fig.7. Stem with developing periderm (arrow).
Fig 8. Needles of P. rthunbergii exposed 10 simulated acid
rain of pH 32 show a chlorosis (arrow). Fig 9. Needles
treated with pH 5.6 showing normal appearance.
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Figs. 10-15. Scanning electron micrographs of leaf of G
biloba and P. thunbergii treated with simulated acid rain.
Figs. 10-13. Surface and transverse view of G. biloba leaf.
Wax erosions (arrow) on the abaxial surface in treatment
with pH 24 (Fig 10) and pH 32 (Fig. 11). Depressed
epidermal cells in treatment with pH 24 (Fig. 12). Normal
leaf structure in trcatment with pH 5.6 (Fig. 13). Wax
erosions (arrow) on abaxial needlc surface of P. thunbergii
treated with simulated acid rain of pH 3.2 (Fig. 14) and
pH 4.0 (Fig. 15) respectively. NC, necrotic region; In, in-
tact region: E, epidermal cell. Bars represent 16.5 ym (Fig.
10), 3 um (Fig. 11), 83 um (Figs. 12 and 13), 5 pm (Fig.
14) and 25 pm (Fig. 15).

AHn GE2EY AE50] FHHY. o F FHYAEY
T2 Hle FE {RBE2E 7he BN LAHAT
(Fig. 16). pH 32 A2e|d EAAZY FEH 7

)
K
%
rd
[
EE
=
¥
s
L,
i
[t
ArR
2,
_E{

(Fig. 17). pH 407} 56
dNE ZAATI} AAE FZE o5 JYen AX WMo
Adat g thFigs. 18-19). ##4 23 F2e A4HY o
& W2 ohstal Ao Ath(Figs. 20-21).

Az 27N AFE AZe WHde pH 569
o2 87 um®l B34 pH 40 #2)A 85 um pH 32014
63 pm® pH 240]A 67 um'e2 AT7l £gmE A Fg
A7)7h FobHet Az AEY HH FA 2T 8.5 um’
B} pH 32 o]slolAe FotaAle 7gol 9tk Table 3) =4
WFzA AR JHL taTolA 48 pm. pH 4094 47
um, pH 32914 39 pm, pH 24 AHzlA 40 ymE pH 32

J. Plant Biol., Vol. 38, No. 1

Figs. 16-21. Transverse sections of G. biloba leaf treated
with simulated acid rain. Severely compressed epidermal
cells (arrows) and plasmolyzed mesophyll cells are obser-
ved in treatment with pH 2.4 (Fig, 16), and abaxial epide-
rmal cells (arrow) are partially collapsed in treatment with
pH 3.2 (Fig. 17), but those cells are normal in treatment
with pH 4.0 and 5.6 (Figs. 18 and 19). Vascular bundle
is normal in both treatments with pH 24 (Fig. 20) and
pH 56 (Fig. 21). Bars represent 80 pm (Figs. 16-19 and
21) and 50 um (Fig. 20).

Table 3. Dimension of mesophyll cells of G. biloba treated
with simulated acid rain of different pH level for 12
weeks In transverse section

pH  Mesophyll Area (pm’) Diameter (um)
24 P 672+ 1.78° 3984 0.60

S 6.52+1.75 327+£052
32 P 6261 2.09 385+ 082

S 511+ 1.18 3.19£0.50
40 P 847+ 208 474+ 075

S 835+ 203 412+ 0.78
56 P 873193 477+ 063

S 8521193 4851 0.78

“Mean and standard deviation of mean (n=30); P, Palli-
sade parenchyma cells; S, Sponge parenchyma cells.
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Flgs 22—23 Transverse sections of P. thunbergii leaf trea-
ted with simulated acid rain. Mesophyll cells of leaf irea-
ted with pH 24 (Fig 22) are severely shrinked and vascu-
lar tissues are distorted but leaf treated with pH 5.6 (Fig.
23) is normal. E. Epidermis; M, Mesophyll: V, Vascular
bundle, Bar represent 200 ym (Fig. 22) and 120 um (Fig.
23).
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Figs. 24-29. Scanning electron micrographs of stomata
of G. biloba and P. thunbergii treated with simulated acid
rain. Figs.24-26. An opened stoma on the abaxial leaf
surfacc of G biloba treated with simulated acid rain of
pH 24, 32 and 4.0 respectively. Bars represent=13.0 um.
Fig.27. A closed stoma on the abaxial leaf surface of
G biloba after exposure to simulated acid rain of pH
5.6. Bar represent=13.0 pm. Figs. 28 and 29. Open or
closed stoma on the abaxial needle surface of P. thunbergii
treated with simulated acid rain of pH 24 (Fig. 28) and
pH 56 (Fig. 29) respectively. Bars represent 25 pm (Fig.
28) and 5 pm (Fig. 29).

Table 4. Stomatal characteristic of G. biloba seedling exposed to simulated acid rain of different pH level (unit, um)

Stomata Apertire
pH Index
Length Width W/L Length Width
24 44701 4.70 3486+ 2.85 0.78 17.25£4.06 635£1.24 12,584 1.06
32 44.60* 3.08 34.00+ 223 0.76 1576£2.43 590+ 1.11 11.49£ 2,59
40 50.85+ 2.80 35.00% 265 0.69 17.00+ 247 515+ 1.18 1061204
56 47.15+ 243 33.30x 2.10 0.71 1590+ 2.02 390+ 137 9.71+1.26
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Effect of Simulated Acid rain on Foliar Struciural of
Changes of Ginkgo biloba and Pinus thunbergii

Kim, Myoung Ran and Woong Young Soh’
Department of Bilogy, Chonbuk National University, Chonju 3560-756, Korea

ABSTRACT

Visible injury symptoms such as necrosis, chlorosis and premature semscence in the leaves
of Ginkgo bloba and Pinus thunbergii treated with acid rain of pH 3.2 or below were observed.
The epicuticular wax erosions were observed by SEM after exposure to acid rain of pH
24 and 3.2 in G, biloba and pH 4.0 below in P. thunbergii. The adaxial epidermal cells
and sponge parenchyma cells were compressed, and those were distorted in the leaves of
G. biloba treated with simulated acid rain of pH 3.2 or below. However, vascular tissue was
intact. With increase of acidity, mesophyll cells were smaller than those of control while
intercellular space in mesophyll was increased. In P. thunbergii, sponge parenchyma cells and
vascular tissue except epidermis were distorted after exposure to acid rain of pH 2.4. The
size change of stomata in foliar injury was not observed, but the stomatal index and size
of stomatal aperture in leaves treated with acid rain increased. The stomata of injured leaf
were opened in both species examined.

Keywords : acid rain, epicuticular wax, stomata, Ginkgo biloba. Pinus thunbergii
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